Study design A preliminary case-control study. Objective To assess postural control in individuals with and without non-specific chronic low back pain (cLBP) during quiet standing. Summary of background data cLBP affects 12-33 % of the adult population. Reasons for pain chronicity are yet poorly known. Change in postural control may be a risk factor for cLBP, although available studies are not conclusive. Methods Sample consisted of 21 individuals with cLBP and 23 controls without cLBP. Balance was assessed using a force plate (Balance Master Ò , NeuroCom) by the modified clinical test of sensory interaction and balance, pain severity by the visual analogue scale, quality of life with the SF-36 Questionnaire, and functional disability with the Roland-Morris Questionnaire. Results Groups were homogeneous for age, weight, height and body mass index. Relative to controls, participants in the cLBP group had deficits in the postural control, with greater postural sway in the quiet standing condition with closed eyes closed on unstable surfaces (p \ 0.05) for the following parameters: total COP oscillation [cLBP 1,432.82 (73.27) 
Introduction
Chronic low back pain (cLBP) may be defined as the persistence of lumbar and sacral pain for over 12 weeks [1] . It affects 12-33 % of the adult population, with a life time prevalence ranging from 11 to 84 % [2] . cLBP is a common reason for primary care consultation worldwide [3] .
Studies suggest that individuals with low back pain (LBP) have abnormalities in the motor control of deep trunk muscles, characterized by delayed neuromuscular recruitment [4, 5] , and changes in the lumbosacral proprioception. Taken together, these abnormalities may predispose to instability [6] and to the decreased postural control observed in some experimental situations.
Pain seems to influence motor response in individuals with LBP, delaying and reducing the amplitude of oscillation of the center of pressure (COP) on unstable surfaces [7] , as well as increasing oscillation of the COP in the sagittal and coronal planes [8] [9] [10] when subjects have eyes closed [11] or when they stand on one foot [12] .
Abnormalities of the postural control at different conditions support the notion that LBP is associated with dysfunctions in the peripheral and central processing of proprioceptive information. Popa et al. [13] suggested that, in contrast to individuals without pain, subjects with LBP functionally adapt to decreased postural control due to impaired processing of sensory information. However, the theme is controversial, since studies of Kuukkanen and Malkia, and of Paalanne et al. [14, 15] , found no differences in postural control as a function of presence or absence of LBP.
According to a systematic review [16] , patients with non-specific LBP exhibit greater postural instability than healthy controls. Furthermore, only one study evaluated young individuals with cLBP. Participants had an average duration of LBP of 3.4 years, and were assessed on quiet standing condition with visual deprivation and unstable surface (foam). Therefore, the postural control knowledge remains unclear in cLBP patients.
The objective of this preliminary study was to assess postural control in adult individuals with and without nonspecific cLBP during upright standing position.
Methods

Subjects
Sample consisted of 21 individuals, with age ranging from 30 to 57 years, with cLBP pain diagnosed by an orthopedist in 2010 and 2011, as well as of 23 controls without LBP. Inclusion criteria for the cLBP group were: history of non-specific LBP lasting at least 12 weeks. Controls had no history of significant LBP (defined as an episode that required treatment or that led to missed work or school days). Subjects with known sensory or neurological disorders, previous back surgery, active lower limb musculoskeletal pathology or using any medication that could affect the balance were excluded from the study. During the initial evaluation, participants were asked about medical history, including symptoms or diagnosis of vestibular disorders. The sample was recruited at the University Hospital of University of Sao Paulo (Sao Paulo, Brazil).
The required sample size was calculated using OPENPI software, assuming a 80 % statistical power to detect a 20 % difference between groups, with a 12.18 ± 1.2 mm/s (mean and standard deviation) of the COP speed of oscillation for the cLBP group, and 10.32 ± 0.6 mm/s for controls. Using this parameter, sample was defined as being 16 subjects per group. The significance level was established at 5 %. The speed of oscillation had demonstrated sensitivity when detecting instability related to other health conditions [8] .
Demographic data Prior to testing, anthropometric measures (age, height, weight and body mass index) and duration of pain were recorded. Pain intensity was assessed using the visual analogue scale (VAS-from 0 to 100 mm). Quality of life was assessed by the SF-36 Questionnaire, and functional disability was estimated using the Rolland Morris Disability Questionnaire.
Force plate measurements
NeuroCom International Balance Master Ò with four force sensors was used in order to obtain objective assessment of the sensory, postural control of balance with visual biofeedback [17, 18] . Intraclass correlation coefficients showed high test-retest reliability for balance master measures of sway area with eyes opened (ICC [3, 4] 
Procedures
Postural control was estimated using the modified clinical test of sensory interaction for balance (CTSIBm) [18] , which measures static balance in four sensorial conditions, while participants stood on the force plate: condition 1, eyes opened and stable surface (participants are able to use the somatosensory, visual and vestibular systems); condition 2, eyes closed and stable surface (participants are able to use somatosensory and vestibular systems--visual system does not participate); condition 3, eyes opened and unstable surface (participants are able to use vision and vestibular systems--somatosensory is impaired); condition 4, eyes closed and unstable surface (participants are able to use the vestibular system--somatosensory is impaired and visual system does not participate). Each position was tested three times during 10 s each, at 100 Hz. The individuals maintained an upright position, barefoot, with arms along the body and the feet positioned in one of three standard positions recommended by the manufacturer, according to participants height. A person with 76-140 cm (cm) height should remain with their feet 22 cm apart; those with 141-165 cm height should remain with feet 26 cm apart, and those with 166-203 cm height should have their feet 30 cm apart. All participants completed the tests successfully. Unstable surface was obtained with a foam of 13 cm thickness and density of 5 kg/m 3 .
Ethics
The study protocol was approved by the Ethics Committee of the Clinical Hospital, and of the University Hospital of Sao Paulo University (protocol no. 129/10). All participants signed informed consent forms.
Data analysis
Raw data from balance master (COP outputs) were treated for noise reduction using Matlab 7.0.1 software (The Mathworks, USA), using 4th order Butterworth filter, with cutoff of 8 Hz. Mean and trends of COP were also obtained (Detrend). Routine analyses using Matlab 7.0.1 software (The Mathworks, USA) were used in order to calculate the following variables: Total oscillation (TO)
Mean speed = Area: an ellipse representing 95 % of COP data.
Statistical analysis
All statistical tests were applied using software SigmaStat 3.5 (Systat Software, Inc., Germany). Normality was assessed using the Shapiro-Wilk test. Demographic and clinical characteristics variables were compared with Student's T test. For groups and conditions comparisons, the Two-Way repeated measures ANOVA followed by the Holm-Sidak test were used. Confidence interval was established at 95 % and the significance level at 5 %.
Results
Characteristics of the sample are summarized in Table 1 . The groups did not differ significantly regarding age, height, weight and body mass index. Men were overrepresented in the cLBP group (52 %) relative to the control group (26 %). Table 2 describes the total oscillation of the COP by group, for the four conditions. Participants with LBP had significantly increased oscillation compared to controls in condition 4 (p \ 0.001): closed eyes on unstable surface (F (1,3) = 16.00). In intragroup analysis, values for condition 3 were significantly increased relative to conditions 1 and 2, while condition 4 had values significantly increased relative to all other conditions (p = 0.02), in both groups (F (1,3) = 3.22). Table 3 describes the anterior-posterior RMS of the COP by group, for the four conditions. Participants with LBP had significantly increased oscillation compared to controls in condition 4 (p \ 0.001): closed eyes on unstable surface (F (1,3) = 20.01). In intragroup analysis, values for condition 3 were significantly increased relative to conditions 1 and 2, while condition 4 had values significantly increased relative to all other conditions (p = 0.2), in both groups (F (1,3) = 1.23). Table 4 illustrates the area of oscillation of COP in the four conditions for both groups. Participants with LBP had significantly increased oscillation compared to controls in condition 4 (p = 0.002), closed eyes on unstable surface (F (1,3) = 10.35). In intragroup analysis, values for condition 3 were significantly increased relative to conditions 1 and 2, while condition 4 had values significantly increased relative to all other conditions 3 (p = 0.001), in both groups (F (1,3) = 5.55).
Mean speed of oscillation of the COP is displayed in Table 5 . Participants with LBP had significantly increased oscillation compared to controls in condition 4 (p = 0.01), closed eyes on unstable surface (F (1,3) = 6.73). In intragroup analysis, values for condition 3 were significantly increased relative to conditions 1 and 2, while condition 4 had values significantly increased relative to all other conditions (p = 0.02), in both groups (F (1,3) = 3.32).
Discussion
The objective of this preliminary study was to assess and contrast the postural control in individuals with and without cLBP. Our findings suggest that individuals with cLBP have impaired postural control, as evidenced by the increased amplitude and speed oscillation of the COP. Differences were amplified by visual deprivation and unstable surface condition. Our results agree with previous studies that also found increased body sway in individuals with cLBP, relative to controls [7] [8] [9] [10] [11] 16] . This increase in the body sway may be caused by the fact that individuals with LBP have abnormalities in the motor control of deep trunk muscles, characterized by delayed neuromuscular recruitment [4, 5] , as well as by changes in the neuromuscular receptors [6] . Gill and Callaghan [20] showed that proprioceptive receptors may be affected by LBP. Therefore, individuals with LBP may have poor postural control as a consequence of proprioceptive dysfunctions [6, [21] [22] [23] [24] . Furthermore, some study has demonstrated the linearly correlated with pain intensity and postural sway in patients with LPB [24] [25] [26] .
According to our results, individuals with cLBP showed impaired performance in condition 4 when compared to controls. This condition deprives the subjects of visual information and impairs proprioceptive inputs. In this test condition, the vestibular system is the main responsible for the maintenance of spatial orientation. Since both groups had no vestibular dysfunctions, attention should be given to the analysis of somatosensory (proprioceptive) and visual systems.
In conditions 3 and 4, we observed that intra-group significant differences only became evident when the visual input was removed. Visual information reports position data and the movement of the head relative to surrounding objects, providing a reference for verticality, and assisting postural control [27] . This finding suggests that individuals with cLBP may give more importance to visual information at the expense of the somatosensory and vestibular systems, which differentiates them from individuals without LBP. This explanation does not exclude the possibility of a combination of proprioceptive information changes caused by the disease [6, [20] [21] [22] [23] [24] , or personal preference for visual information in these individuals. Nonetheless, this finding translates into important implications for the treatment of patients with low back pain. Wand et al. [28] studied the effect of mirror visual feedback in other long-standing pain problems and suggested that similar lines of inquiry may be worth pursuing in the chronic nonspecific LBP population.
The data also suggests that the amplitude and speed of oscillation increase as a function of task complexity in both groups. This is in agreement with the study of Della Volpe et al. [8] , who observed that, as the complexity of the task increased, the postural stability decreased in individuals with LBP relative to controls.
Another factor that may have contributed to postural control impairment in those with LBP relates to changes in the self-perception of body image secondary to pain [29] . Central modulation of information from neuromuscular spindles may be dysfunctional [30] , with prolonged latency caused by reduced spindles feedback. These functional changes could also lead to reduced muscular control and increased postural oscillation. This latter hypothesis is controversial, since Popa et al. [13] failed to demonstrate pain influence on postural control using force plate.
Some variables, such as severity and intensity of pain, and functional capacity were captured only in those with LBP, using the methods suggested by Liddle et al. [31] . The demographic and clinical characteristics of individuals in the cLBP group are in alignment with other studies [32, 33] , with the exception of duration of chronic pain, (54 ± 31 vs 85 ± 17 months) [32] . A limitation of our study regards the time of assessment by CTSBm (10 s, pre-programmed time). Tests were performed in a predetermined sequence, starting from the simplest to the more complex. Thus, the more complex tests would not influence in the simplest. Studies with specific methodology in order to test the influence of the visual system in postural control in individuals with cLBP should be conducted to better understand the mechanisms related to increased sway in these individuals.
Conclusion
Our findings suggest that the postural control is impaired in individuals with cLBP, relative to controls. This is evidenced by increased oscillation of COP measurements. Differences are amplified by visual deprivation on unstable surfaces by the results of this preliminary case-control study.
Clinical relevance
Further studies are needed to confirm the hypothesis that individuals with LBP have changes in postural control. The clinical relevance needs to be evaluated before any changes or treatment recommendations can be offered. Clinical trials that have postural control as a study variable should be encouraged.
COP measurements may also be useful as outcome measures of efficacy of treatment in LBP populations.
